Background: although the majority of hip fractures are the result of a fall, whether repeated falls in the year post-fracture adversely influence recovery of social participation is not known. Design: analysis of data from a longitudinal cohort study. Subjects: community-dwelling women aged ≥65 years, admitted to one of two hospitals in Baltimore with a new, nonpathological fracture of the proximal femur between 1992 and 1995. Methods: information on falls was collected from a falls diary. At the baseline, 6-and 12-month evaluations, subjects were asked about the number of times in the 2 weeks prior to the evaluation they had participated in 10 categories of social activities. We examined the association of repeated falls with social participation using generalized estimating equations. The effect of physical and psychological functions was examined by including measures of lower extremity functional performance and depressive symptoms into the model. Results: the analyses included 196 women, mean age = 80.2 years. Eighty-one subjects fell. The subjects with >1 fall between evaluations participated in a mean (95% CI) of 3.5 (0.12, 6.9) and 4.3 (0.9, 7.7) fewer social activities at 6 and 12 months post-fracture, respectively, compared to those who did not fall (P = 0.0003). These results were attenuated by adjustment for depressive symptoms, but not by lower extremity functional performance. Conclusions: in the year post-fracture, repeated falls in women were associated with decreased social participation independent of lower extremity function. Depressive symptoms in repeated fallers may partly explain this association.
Introduction
Falls in elders are associated with several dangerous consequences including hip fracture [1] . The return to pre-fracture social activity participation is one aspect of hip fracture recovery that is often overlooked, but may have important implications for quality of life post-fracture. Social engagement in later life is associated with fewer depressive symptoms as well as a longer survival [2] . The loss of lower extremity function that frequently follows a hip fracture can inhibit the recovery of previous social activity. Falls in the year post-fracture may disrupt this recovery process since falls have been associated with activity avoidance [3] and depressive symptoms in older adults [4] , factors that might influence participation in social activities.
Although nearly all adults who suffer a hip fracture have experienced an injurious fall [5] , not all will continue to fall. Whether individuals who suffer falls in the year postfracture are less likely to participate in social activities is not known, and whether this association may be explained by worse lower extremity function post-fracture or an increase in depressive symptoms in those who fall is also not known. A better understanding of the influence of factors, such as falls, lower extremity functioning and depressive symptoms on the recovery of social functioning, may provide opportunities to improve outcomes for hip fracture patients. We
Repeat falls and social participation examined data from a prospective cohort from the Baltimore Hip Studies (BHS), in which women were followed for a year post-fracture, to explore whether falls in the year post-fracture impact the recovery of social participation.
Methods
Subjects were drawn from the third cohort in the BHS (BHS-3). Between 1992 and 1995, 205 Caucasian women, aged ≥65 years, admitted to one of two hospitals in Baltimore with a new fracture of the proximal femur agreed to participate in a prospective study. Women with distal femur fractures, admissions >48 h after the fracture and men were excluded from this study. During the 3 years, 407 eligible white female subjects were identified and 205 women (50%) agreed to participate.
Subjects were evaluated by the trained BHS-3 staff within 10 days of hospitalisation for hip fracture and then again at 2, 6 and 12 months post-fracture. Proxy data were collected whenever subject data were unavailable or the subject was cognitively impaired [Mini-Mental State Exam (MMSE) [6] score <17]. The study protocol was approved by the Institutional Review Boards of both hospitals and of the University of Maryland. A more detailed description of this cohort may be found elsewhere [7] .
Fall assessments
Study participants were given a fall calendar and were told to record the date and time of any fall [8] . Study staff reviewed the fall calendars during the year post-hip fracture and recorded the number of falls that had occurred since the previous evaluation. They also inquired about falls not listed in the calendar and gathered more detailed information regarding the circumstances and resulting injuries of any falls.
Social activities
At each evaluation, the subjects were asked about the number of times in the previous 2 weeks they had done the following activities: (i) gone to the movies, concerts, plays or sporting events; (ii) gone to fairs, museums or exhibits; (iii) attended meetings, appointments, classes or lectures; (iv) gone to church or temple services; (v) gone on pleasure drives or picnics; (vi) played cards, bingo etc. with others; (vii) gone to family/friends' homes for a meal; (viii) participated in active sports or swimming; (ix) worked in the garden/yard or at a hobby and (x) done community or volunteer work.
These items were derived from a measure of social functioning developed by House [9] that has been associated with mortality. It has previously been used to measure recovery of social function after hip fracture [9, 10] .
At the baseline evaluation, the subjects reported on their participation during the 2 weeks prior to the fracture in these same activities. As has been done in previous hip fracture studies [1] , a summary score of social participation was calculated as the total number of times in which the subject participated in any of the 10 activity categories during the 2-week period in question.
Covariates

Physical function
Pre-fracture self-reported lower extremity function At the baseline evaluation, subjects responded to questions regarding their need for assistance during the week prior to the fracture with 12 lower extremity tasks: (i) walking 10 feet or across a room; (ii) walking one block on a level sidewalk; (iii) climbing five stairs; (iv) getting into a car; (v) getting in/out of bed; (vi) rising from an armless chair; (vii) putting on pants; (viii) putting socks/shoes on both feet; (ix) reaching for an item on the ground from a sitting position; (x) getting in/out of a bath or shower; (xi) taking a bath, shower, or sponge bath and (xii) getting on/off the toilet. From these responses, a summary scale of activities of daily living requiring lower extremity functioning (LE-ADL) was calculated as a count of the number of tasks in which the person required either human or equipment assistance or both or was completely unable to perform. The scale thus ranges from 0 to 12 with higher scores representing greater impairment.
Post-fracture observed lower extremity functional performance
Timed performance of nine lower extremity tasks was assessed at each post-fracture evaluation: (i) reach for an item on the ground from a sitting position; (ii) put a sock on the fractured-side foot; (iii) put a shoe on the fractured-side foot; (iv) rise from an armless chair; (v) walk 10 feet; (iv) step up four steps; (vii) step down four steps; (viii) get on the toilet and (ix) get off the toilet. The times for performance on each task were compared to the range of times performed by all subjects in order to obtain a score of 1-3, with higher scores indicating better performance and individuals unable to perform the task receive a 0 [11] . Therefore, performance of these tasks was scored on a scale of 0-4 to create a summary score of lower extremity function, the Lower Extremity Gain Scale (LEGS). This score ranges from 0 to 36 with higher scores indicating better performance and a difference of 2.6 points on this scale is believed to be clinically important [12] .
Depressive symptoms
Depressive symptoms were assessed at each time point using the Geriatric Depression Scale (GDS), a 15-item version [13] .
Others
Age was assessed at the baseline evaluation. The data on the pre-fracture presence of eight chronic medical conditions that have previously been found to be adversely associated with functional recovery in hip fracture patients [14] were collected from the hospital record. The data on the presence or absence of 23 possible in-hospital complications was Differences between fall groups were assessed using the chi-square test (for categorical variables) and using t-tests (for continuous variables). SD = standard deviation; LE-ADL = lower extremity activities of daily living; MMSE = Mini-Mental Status Examination; GDS = geriatric depression scale.
similarly collected from a review of the hospital record. A list of the selected co-morbidities and complications can be found elsewhere [14] . At each evaluation, subjects reported on whether they had used anxiolytic or sedative medications and on alcohol consumption. Mental status was assessed at each evaluation using the MMSE [6] .
Statistical analyses
The total number of falls that had occurred prior to each evaluation was calculated. Because, on average, social functioning has been found to recover between the 6 and 12 months post-fracture period [1] , falls in the 0-6 month and 6-12 month time periods were examined for their relationship with social functioning at 6 and 12 months post-fracture, respectively. Since >1 fall in a 6-month period may reflect worse functional status [15, 16] , the subjects were divided into three groups (no falls, 1 fall, >1 fall) based on the number of falls they experienced in each of the 6-month intervals of the follow-up period. Baseline characteristics of patients were compared between fall groups using the chi-square test and Fisher's exact test (for categorical and dichotomous variables) and using t-tests (for continuous variables).
Because participants can contribute more than one data point in these analyses, generalized estimating equations (GEE) [17] were used to model the longitudinal relationship between the fall category (no falls, 1 fall, >1 fall), in both 6-month time periods, and social participation at the end of these periods (6 and 12 months post-fracture, respectively) in order to account for correlations across the two time periods within individuals. Generalized F-tests were used to compare social activity trajectories between the fall categories, and time-specific confidence intervals were calculated when a significant difference (P < 0.05) between social activity trajectories was observed. All models adjusted for age, the number of co-morbid medical conditions, post-surgical complications, MMSE score, time post-fracture, pre-fracture social activity level and self-reported pre-fracture lower extremity function.
Because falls may further influence lower extremity function [18] , we examined whether an association of falls on participation in social activities is explained by worse postfracture lower extremity function by including the LEGS score at the current evaluation into the model. Similarly, because social activity restriction has been reported to be more common in individuals with depressive symptoms following a fall [19] that may be associated with fear of falling [20] , we examined whether depressive symptoms explained the observed association by including GDS scores at the current evaluation into the model. Because injuries from falls might affect the ability to participate in social activities, the presence of an injurious fall during the evaluation period was included in the model. Psychotropic medication use and regular alcohol consumption are believed to increase fall risk [21, 22] ; therefore, use of medications for sleep or anxiety and the daily use of alcohol were also included in the model.
The validity of GEE results are contingent on missing data being missing completely at random (MCAR) as defined by Rubin [23] . A sensitivity analysis of the MCAR assumption using weighted estimating equations (WEEs) was performed [24] , as has been done in previous studies using this hip fracture cohort [14, 25, 26] .
All analyses were performed using the statistical package SAS version 9.1 (SAS Institute, Cary, NC).
Results
Falls data were collected from 196 participants over the first 6 months, and from 156 participants from 6 to 12 months post-fracture. Of these individuals, 117 provided complete covariate information for inclusion in the primary analysis. The baseline characteristics of participants are shown in Table  1 . In the 12 months post-fracture, 81 individuals (41%) fell 13 (13) 3 (14) 1 (6) P = 0.66 7 (10) 3 (14) 2 (13)
Repeat falls and social participation
Differences between fall groups were assessed using the chi-square test and Fisher's exact test (for categorical and dichotomous variables) and using t-tests (for continuous variables). SD = standard deviation; LE-ADL = lower extremity activities of daily living; GDS = geriatric depression scale.
at least once. Of these individuals, 37 (46%) reported that they had sustained an injury as a result of a fall (Table 2) ; with bruises or bleeding reported in 11 participants (30%), fractures reported in 7 participants (19%), a head injury reported in 4 participants (11%) and an unspecified injury occurred in 4 participants (11%). Social function improved during the year post-fracture with the mean (SD) number of social activities reported by study participants as 6.8 (8.4), 9.2 (10.0) and 8.9 (10.0) at 2, 6 and 12 months post-hip-fracture, respectively. Adjusted for covariates, there was no difference in social participation between subjects with one fall compared to those with no falls (P = 0.92 for longitudinal analysis). Subjects who fell more than once, however, participated in fewer social activities in the year post-hip fracture than those who did not fall (P = 0.01 for longitudinal analysis). On average, those who fell more than once in the first and last 6-month periods post-hip fracture reported participation in a mean (95% CI) of 3.5 (0.12, 6.9) and 4.3 (0.9, 7.7) fewer social activities compared to non-fallers at the 6 and 12 months post-fracture evaluations, respectively (Figure 1) .
Adjustment for the LEGS score did not attenuate the observed association (data not shown); however, adjustment for depressive symptoms did result in an attenuation of the association between repeated falls and social activity participation of 11% and 14%, with repeated fallers reporting a mean (95% CI) of 3.1(−0.5, 6.8) and 3.7 (−0.3, 7.0) fewer social activities at 6 and 12 months post-fracture, respectively.
Adjustment for psychotropic medication use, regular alcohol consumption or the presence of injurious falls did not significantly alter the observed association between falls and recovery of social functioning (data not shown). The sensitivity analysis yielded similar results and the same conclusions as the GEE analysis (data not shown).
Discussion
In these analyses from the BHS, women who fell only once during each 6-month follow-up time period reported similar levels of social activities as those who did not fall; however, those who fell more than once reported participation in fewer social activities than those who did not fall at each of the 6 and 12 month evaluations. Adjustment for a global measure of lower extremity functional performance did not attenuate this association, suggesting that the decreased social participation in this group was not explained by worse lower extremity function. Adjustment for depressive symptoms, as measured by the GDS scale, did however result in an attenuation of this association by ∼11-14%, suggesting that the observed association may be explained, in part, by an increase in depressive symptoms in those with multiple falls. The association of multiple (>1) falls with decreased social participation is consistent with previous studies that found that in community-dwelling elders, multiple falls, but not a single fall, were associated with the increased risk for activity avoidance, including avoidance of social activities [3] .
Although poorer physical functioning has been associated with physical activity restriction [27] , in the analyses presented here, the association of multiple falls with social activity participation persisted even after adjusting for lower extremity functioning, suggesting that another mechanism may explain this relationship.
Depressive symptoms and depression are also believed to negatively impact functional recovery after hip fracture surgery [28] , and in our analyses, adjustment for depressive symptoms resulted in an attenuation of the observed relationship. This suggests that an increase in depressive symptoms in those with multiple falls may play a role. Multiple fallers are believed to also be at greater risk for fear of falling than those with one or fewer falls [3] , and fear of falling has been seen to have a significant impact on activity restriction in both individuals who have and have not fallen [29, 30] . This fear, that may be present for those who fall, especially those who fall more than once, may be a factor in the causal pathway to social activity restriction. Because individuals who are fearful of falling are also believed to be more likely to show depressive symptoms or a depressed mood [4] , this may explain why depressive symptom scores partially attenuated the association in the current analysis.
The lack of a measure of fear of falling in the BHS-3 dataset is a limitation of these analyses, and re-evaluation of these results in hip fracture patients, in whom a validated measure of fear of falling is used, would be important. Also all of the subjects included in these analyses were white women and thus we are unable to assess whether similar associations exist in men or in women of other ethnicities. Another limitation is that the social functioning measure is not a standard measure that has been rigorously validated. Further research would benefit from the use of a standard measure of social functioning in order to compare the results more effectively to the current literature. We also have no information on prefracture depression or depressive symptoms and are therefore unable to assess how pre-existing depression might influence the observed associations. The age of the data can be viewed as a potential limitation to the interpretation of the analyses; however, although there have been significant changes to inhospital care of hip-fracture patients in the years since 1995, analyses of more recent cohorts from the BHS suggests that the post-discharge pattern of recovery remains very similar. As a result, it is unlikely that the association of falls with the recovery of social functioning has changed during this time and the interpretation of the main analyses presented here are likely to still be of relevance today.
In conclusion, we found that in women, the presence of multiple falls was associated with participation in fewer social activities in the year post-hip fracture independent of lower extremity function. An increase in depressive symptoms in those with multiple falls may explain, in part, this relationship. Future research on social activity recovery using a specific measure of fear of falling is needed to further evaluate these associations.
Key points
r Resumption of social activities is an important aspect of recovery from hip fracture. r Older women who fell two or more times in a 6-month period after hip fracture participated in fewer social activities than those who did not fall. r This association was not explained by worse lower extremity function in those who fell, but was partially explained by an increase in depressive symptoms in those with repeated falls.
